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REMARKS 

In this paper, Applicants amend claim 1 and cancel claims 2, 3, 7 and 17. Claims 1, 8- 
16 and 21-31 are currently pending in the application. Claims 26-31 were previously 
withdrawn due to the Office's Restriction Requirement. Applicants reserve the right to file 
divisional applications directed to withdrawn subject matter. Applicants do not acquiesce to the 
propriety of the Office's rejections and do not disclaim any subject matter to which Applicants 
are entitled. Cf. Warner Jenkinson Co. v. Hilton-Davis Cliem. Co., 41 USPQ.2d 1865 (US 
1997). 

I. 35 U.S.C. § 112 Rejections 

Claims 1-3, 7-17 and 21-25 stand rejected under 35 U.S.C. § 112, first paragraph for 
failing to comply with the enablement requirement. Applicants respectfully disagree. 

The Office states that the specification is enabling for a method of sustained delivery or 
a method of treating a disease or condition wherein the retinoid active drug is tazarotenic acid 
and the ester prodrug is tazarotene (Office Action, page 3). The Office further contends that 
the instant application does not reasonable provide enablement for other retinoids where the 
active drug is more that about 10 times as active as the prodrug. 

Although Applicants respectfully disagree with the Office's rejection under 35 U.S.C. § 
1 12 first paragraph, the applicants have canceled claims 2, 3, 7 and 17 solely to expedite the 
prosecution of this application. They have also amended claim 1 to incorporate the limitation 
of claim 7 and by deleting the term "and wherein the active drug is a retinoid and is more than 
about 10 times as active as the prodrug". The Applicants respectfully submit, therefore, that 
claim 1, as amended, and its dependent claims are allowable. 

Accordingly, reconsideration and withdrawal of this ground of rejection are respectfully 
requested. 
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II. 35 U.S.C. § 103 Rejections 

Claims 1-3, 7-9, 12 and 15 stand rejected under 35 U.S.C. § 103(a) as obvious over 
Wilkin, J., Allergan, Inc. Avage (tazarotene) cream, 0.1% Irvine California 92612, USA (2002), 
printed pages 1-17 (especially page 1) ("Wilkin") (Office Action, page 7). Applicants 
respectfully disagree. 

Applicants respectfully point out that the application was commonly owned and an 
assignment was recorded: Notice of Recordation of Assignment Document with a 
Recordation Date: 07/17/2006 REEL/FRAME: 017945/0878. 

To maintain a proper rejection under 35 U.S.C. § 103, the Office must meet four 
conditions to establish a prima facie case of obviousness. First, the Office must show that the 
prior art suggested to those of ordinary skill in the art that they should make the claimed 
composition or device or carry out the claimed process. Second, the Office must show that the 
prior art would have provided one of ordinary skill in the art with a reasonable expectation of 
success. Both the suggestion and the reasonable expectation of success must be adequately 
founded in the prior art and not in an applicant's disclosure. Third, the prior art must teach or 
suggest all the claim limitations. In re Vaeck, 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991). 
Fourth, if an obviousness rejection is based on some combination of prior art references, the 
Office must show a suggestion, teaching, or motivation to combine the prior art references 
("the TSM test"). In re Dembiczak, 50 U.S.P.Q.2d 1614, 1617 (Fed. Cir. 1999). Following 
KSR Int'l Co. V. Teleflex, Inc., this fourth prong of the prima facie obviousness analysis must 
not be applied in a rigid or formulaic way such that it becomes inconsistent with the more 
flexible approach of Graham v. John Deere, 383 U.S. 1, 17-18 (1966); 127 S. Ct. 1727 (2007). 
It must still be applied, however, as the TSM test captures the important insight that "a patent 
composed of several elements is not proved obvious merely by demonstrating that each of its 
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elements was, independently, known in the prior art." Id. at 1741 (citing United States v. 
Adams, 383 U.S. 39, 50-52 (1966)). 

Applicants reassert, as in their December 1, 2009 response, that Wilkin does not 
disclose all the claim limitations and beyond not suggesting that the claimed method be carried 
out, actually teaches away from it. As acknowledged by the Office, the composition of Wilkin is 
to treat wrinkles, facial mottled hypo- and hyperpigmentation and benign facial lentigines 
(Office Action, page 7). The Office further states, " It is obvious that fine wrinkling will occur in 
the periocular or perbulbar region hence the use of Tazarotene around the eye to some extent 
would be obvious." (Office Action, page 7). 

Applicants respectfully disagree with the Office's position that the use of tazarotene to 
treat wrinkles and certain skin abnormalities topically renders obvious delivery of this 
compound to a posterior part of the eye (defined in the specification as including the uveal 
tract, vitreous, retina, choroid, optic nerve, or retinal pigmented epithelium (Paragraph [0004] 
and [0021]) to treat a disease or condition (non-limiting examples of which include retinal 
degeneration such as non-exudative or exudative age related macular degeneration (ARMD), 
choroidal neovascularization, diabetic retinopathy, acute macular neuroretinopathy, diabetic 
macular edema and uveitis. Paragraph [0021]). 

Wilkin expressly teaches that the compound it describes should not come into contact 
with anv part of the eye. The third line of Wilkin in bolded all capital letters states "NOT FOR 
OPHTHALMIC ... USE." Wilkin, page 1. The PRECAUTIONS section of Wilkin states "For 
external use only. Avoid contact with eyes.... If contact with eyes occurs, rinse thoroughly 
with water." Wilkin, page 5. The Information for Patients section states "(1) It is for use on the 
face. (2) Avoid contact with the eyes and mouth." Wilkin, page 5. Patient Information also 
states, "Keep [the drug] out of your eyes... If it gets in your eyes, wash them off with large 
amounts of cool water. Contact your doctor if irritation continues." Wilkin, page 11. 
Accordingly, Wilkin does not teach or suggest administration to a posterior part of the eye, 
much less any part, and instead, expressly teaches against such use. 
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In addition, periocular and peribulbar as taught in the art refers to routes that are non- 
topical. Applicants respectfully submit a review article (Exhibit A, Abstract, Expert Opin. Drug 
Deliv, 2004, 1(1), 99-114) in support of the definitions used in the art "As discussed in this 
review, periocular routes, including... peribulbar... routes, potentially offer a more promising 
alternative for enhanced drug delivery ... compared with topical and systemic routes. 
Furthermore, the posterior part of the eye as defined by the art is the back of the eye. Wilkins 
application of tazarotene is limited to usage in the treatment of wrinkles of the skin, and if 
tazortene were to be used to treat wrinkles around the eye, there would be no motivation for 
use for the posterior part of the eye. 

Based on the foregoing. Applicants respectfully request that Office reconsider and 
withdraw the pending rejections of claims 1-3, 7-9, 12 and 15 under 35 U.S.C. § 103 over 
Wilkin. 

Conclusion 

If for any reason the Examiner finds the application other than in condition for 
allowance, the Examiner is requested to call the undersigned attorney to discuss the steps 
necessary for placing the application in condition for allowance. 



Respectfully submitted. 



Date: October 1, 2010 


/Kauser Akhoon/ 


Patent Department 
Allergan, Inc. T2-7H 
2525 Dupont Drive 
Irvine, CA 92612 
Telephone 714 246 3218 
Fax 714 246 4249 


Kauser Akhoon, Ph.D. 
Registration Number 66,803 
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Periocular routes for retinal drug 
delivery 

Swita Raghava, Makena Hammond & Uday B Kompella^ 

'Department of Pharmaceutical Sciences. University of Nebraska Medical Centre, Omafia, 
NE 68198-5840, USA 

Despite numerous scientific efforts, delivery of therapeutic amounts of a 
drug to the retina remains a challenge. This challenge is compounded if 
chronic therapy is desired. The inability or inefficiency of topical and systemic 
routes for retinal delivery of existing drugs is now widely accepted. Although 
the intravltreal route offers high local concentrations in the vitreous and, 
hence, retina, these advantages are offset by side effects, such as cataracts, 
endophthalmitis and retinal detachment, following repeated intravitreal 
injections, or intravitreal placement of sustained-release implants. As dis- 
cussed In this review, periocular routes, including subconjunctival, sub-tenon, 
retrobulbar, peribulbar and posterior J uxtasclera I routes, potentially offer a 
more promising alternative for enhanced drug delivery to the retina com- 
pared with topical and systemic routes. Periocular routes exploit the permea- 
bility of sclera for retinal drug delivery, and they are particularly useful for 
administering sustained-release systems of potent drugs. This review dis- 
cusses the various periocular routes with respect to their anatomical location, 
pharmacokinetics, safety and mechanisms of drug delivery. In the coming 
years, several innovations in absorption enhancement, drug delivery systems 
and drug administration devices are anticipated for improving retinal drug 
delivery via periocular routes. 

Keywords: peribulbar, pharmacokinetics, retina, retrobulbar, subconjunctival, sub-tenon, 
sustained release 

Expert Opin. Drug Dehv. (2004) 1(1):99-114 

1. Introduction 

Drug delivery to the posterior segment of the eye is useful in treating various dis- 
orders, including degenerative, vascular and proliferative disorders (Table 1). The 
retina is the primary target for most of these disorders. Delivery of therapeutic 
concentrations of drugs to the retina continues to remain a challenge for pharma- 
ceutical scientists because of the anatomical and physiological barriers associated 
with this tissue |l.2]. The challenges are compounded if chronic therapy is 
required, as is the case with diabetic retinopathy and age-related macular degener- 
ation. Topical instillation of drug solution into the inferior fornix of the conjunc- 
tiva is most often used for ocular administration, and this route has been 
successful in treating diseases afflicting the anterior segment of the eye. For topi- 
cally administered medications, the cornea and conjunctiva are the primary barri- 
ers for ocular drug entry. These barriers, in conjunction with nasolacrimal 
drainage of administered drops, drug metabolism, protein binding, lens barrier 
and long diffusional path lengths, result in poor drug delivery to the retina follow- 
ing topical administration. Systemically administered therapeutic agents reach the 
retina to a limited extent due to the presence of blood-ocular barriers, which 
include the blood-aqueous and blood-retinal barriers. The blood-aqueous barrier 
is formed by the non-pigmented layer of the ciliary epithelium and the endothe- 
lium of the iris vessels. The blood-retinal barriers include the retinal pigment epi- 
thelium and the endothelium of the retinal vessels. Due to these barriers and low 
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Table 1. Disorders afflicting the posterior segment of the eye. 











Degenerative diseases 


Age-related macular degeneration, re 


:tinitis pigmentosa 


Retina 


Vascular diseases 


Diabetic retinopathy, retinal vein or ar 


terial occlusion. 






retinopathy of prematurity, age-relate 


Id macular degeneration 




Inflammator/ diseases 


Uveitis 




Uveal tissues, sclera, iris, retina 


Proliferative diseases 


Proliferative vitreoretinopathy 




Vitreous and retina 


Infectious diseases 


Endophthalmitis 




Vitreous and/or retina 


Others 


Glaucoma, optic neuritis 




Optic nerve 



cardiac output to the retina |3|, attainment of therapeutic 
effect in the retina requires high systemic doses, which can 
produce harmful side effects because most drugs intended 
for the eye were originally developed for systemic use |4.5|. 

To improve the retinal delivery of drugs, various local 
modes of administration, including intracameral, intravitreal 
and periocular routes, have been assessed. Intracameral injec- 
tion refers to injection of drug solution in the anterior cham- 
ber of the eye. Up to 100 Jll volume can be injected by this 
route. Intracameral injections are used in cataract surgery and 
for the management of diseases afflicting the anterior seg- 
ment. This route of administration fails to deliver significant 
concentrations of drugs to the posterior segment [6). 

Since the first report on intravitreal injections in 1944, this 
mode of administration has found wide clinical application 
for treating vitreoretinal disorders [7]. Intravitreal injections 
can provide high drug concentrations to the neural retina. 
However, bolus intravitreal injections result in high local con- 
centrations of drugs, which can potentially cause retinal toxic- 
ity, as is the case with gentamicin (8). In addition, repeated 
intravitreal injections can lead to retinal detachment [9]. The 
half-lifes of representative drugs in the vitreous following 
intravitreal administration are summarised in Table 2 [10-13]. It 
is noteworthy that the elimination half-lifes of drugs increase 
with molecular weight in the vitreous. On the other hand. In 
the plasma, peptide and protein drugs exhibit short elimina- 
tion half-lifes [14]. Due to this unique vitreal clearance prop- 
erty, macromolecules such as vascular endothelial growth 
factor (VEGF) aptamer and VEGF antibody fragments are 
under development for intravitreal administration. However, 
such drugs still require repeated intravitreal administrations in 
treating chronic disorders, which might exacerbate the risks. 

Periocular routes, which for the purpose of this article include 
subconjunctival, sub-tenon, retrobulbar, peribulbar and poste- 
rior juxtascleral, offer alternative approaches for delivering drugs 
to the retina (Figure 1). If a drug is administered by these routes, 
it can be delivered to the sclera, choroid, retinal pigment epithe- 
lium, neural retina and vitreous, in that order, depending on 
source concentration and the barrier properties of these and 
other intermittent layers between the site of administration and 
the target site. As these routes are showing promise for retinal 
delivery of some drugs, the following discussion provides a 



description of the methods of administration, pharmacokinetics, 
mechanisms of delivery, sustained-release systems and 
pharmacodynamics for periocularly administered drugs, 

2. Periocular routes 



2.1 Subconjunctival 

Subconjunctival injection implies injection of the drug solution 
underneath the conjunctiva. The conjunctiva is a thin continu- 
ous membrane lining the eye beginning from the eyelids to the 
corneoscleral junction. A needle of up to 25 - 30 gauge and 
30 mm long, and a volume of up to 0.5 ml may be used for this 
particular method of administration. During injection, the 
bevelled edge of the needle is made to face the sclera and is slid 
under the bulbar conjunctiva, which is loosely attached to the 
sclera > 3 mm beyond the limbus, until a fold appears [15]. This 
route has been previously shown to be effective in delivering 
drugs to both the anterior and posterior segments of the eye. 

2.2 Sub-tenon 

Although sub-tenon injections were reported as early as 1956, 
they were not extensively used until 1990 [16]. Sub-tenon 
administration usually implies injection of drugs into the 
tenon's capsule around the upper portion of the eye and into 
the belly of the superior rectus muscle |15). The tenon's capsule 
is a fibrous membrane that envelopes the globe from the mar- 
gin of the cornea to the optic nerve [17|. The sub-tenon space 
is a virtual cavity bound by the tenon's capsule and the sclera, 
and is divided into anterior and posterior segments at the 
insertions of the extraocular muscles and their associated fas- 
ciae [18]. While injecting drugs, the patient is directed to look 
downward as the upper lid is retracted [15). Subsequently, a 
2.5 cm long, blunt-tipped cannula needle is passed into the 
tenon's capsule at the temporal edge of the superior rectus 
muscle after a surgical dissection into the sub-tenon's space is 
made. The injection is directed posteromedially, and up to 
4 ml of drug formulation is injected around the muscle belly 
behind the equator (19|. Although subconjunctival haemor- 
rhaging may be a complication, sub-tenon injection is a 
widely used technique for anaesthesia during ocular surgery, 
due to the fact that sharp needle complications can be avoided 
with the cannula approach. The conventional technique for 
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Table 2. Vitreous humor hi 


ilf-lifes of drugs administered intravitreally. 






Drug administered 


iVIolecular weight 


Species 


Half-life (h) 


Reference 


ISIS 2922 (oligonucleotide) 


7122.16 


Rabbit 


62 


[10] 


Octreotide acetate 


1019,3 


Rabbit 


16 




Dexamethasone 


392.47 


Rabbit 


3.48 




Ceftizoxime 


405.38 


Rabbit 


5.7 


[13] 




Figure 1 . Schematic representation of periocular routes of 
administration. 

posterior sub-tenon injection involves the use of a sharp- 
tipped 26-gauge 5/8 inch needle that must be inserted up to 
its hub to obtain adequate placement of the drug into the 
posterior sub-tenon space. 

2.3 Retrobulbar 

Retrobulbar injection refers to the injection in the conical 
compartment within the confines of the four rectus muscles 
and their intermuscular septa |16]. Injection of a drug formu- 
lation is made within the muscle cone behind the globe of 
the eye [201. This injection is usually performed with a blunt 
25- or 27-guage needle. Although sharp needles cause less 
pain due to injection, using a needle tip with less cutting abil- 
ity reduces inadvertent injury to the eye 121|, The entry site for 
retrobulbar injection begins at the inferotemporal orbital mar- 
gin with the eye in the primary gaze position, and the needle 
is aimed at the lower edge of the superior orbital fissure |221. 
Typically, the needle is directed 45° from the saggital plane 
and 10° superiorly. After insertion of - 3 mm beyond the pos- 
terior surface of the globe, an injection of up to 5 ml may be 
made. The globe is ~ 25 mm in diameter. Therefore, the nee- 
dle should not be directed behind the globe until this depth 
has been reached from the most anterior surface of the cornea. 
This type of injection places the optic nerve at risk for trauma 
including a subarachnoid injection. To avoid optic nerve 
injury, the needle is kept in the temporal half of the orbit and 
should penetrate no further than 1.5 cm behind the globe (21). 



With retrobulbar injection, higher local concentrations may 
be achieved for anaesthesia or akinesia of the globe during sur- 
gery, and there is little to no influence on intraocular pressure. 

2.4 Peribulbar 

Peribulbar injection was popularised in 1986 as an alternative 
to avoid the complications experienced with retrobulbar 
method [191. Peribulbar injection indicates an injection made 
at the location external to the confines of the four rectus mus- 
cles and their intramuscular septa [161. With this method, 
unlike the retrobulbar method, the muscle cone is never 
entered [201. Peribulbar injection can be performed in two 
ways - that is, injection at the inferotemporal position after a 
slight cephaloposterior trajectory and injection at the supero- 
nasal position just below and medial to the supratrochlear 
notch. Inferior injections are given at the junction of the outer 
third and inner two-thirds of the lower orbital rim [19). The 
needle is directed away from the eye and toward the floor of 
the orbit, with the eye In primary gaze position. Superior 
injections can be given either nasally or temporally toward 
the roof of the orbit. However, temporal administration is 
preferable due to the fact that the regions encountered are 
less vascular. Depth of the needle is controlled by observing 
the needle-hub junction reaching the plane of the iris. A 
25-gauge, 1.25 inch needle is used and directed just beyond 
the equator of the globe. It has been reported that depending 
on the compliance and speed of injection, up to 8 - 10 ml of 
anaesthetic may be given in a periconal fashion. To avoid the 
risk of globe perforation, care should be taken to ensure that 
the needle is placed away from the globe. The peribidbar 
route is less effective than the retrobulbar route in 
anesthetising the globe. However, it is a safer mode of admin- 
istration. 

2.5 Posterior juxtascleral 

This is a unique delivery approach developed by Alcon Labo- 
ratories Ltd, which uses a blunt-tipped, curved cannula for 
delivering the drug formulation in direct contact with the 
outer surface of the sclera without puncturing the eyeball [23). 
This delivery route is being used by Alcon to deliver a depot 
formulation of anecortave acetate (Retaane®), being investi- 
gated to treat age-related macular degeneration patients. This 
approach allows placement of the depot near and above the 
macula, allowing efficient and prolonged drug delivery to the 
macular region. For the drug administration, the patient is 
placed supine, the suspended medication is drawn into the 



Expert Opin. DrugDeliv. (2004) 1(1) 



101 



Periocular routes for retinal drug delivery 



syringe, and a specially designed 56° cannula is then placed on 
the syringe [23). After applying povidone- iodine 5% to the 
periocular skin and cul-de-sac, a lid speculum is inserted. 
After topical anaesthesia, to expose the sclera, a 1 - 1.5 mm 
incision is made in the superotemporal quadrant, midway 
between the superior and lateral rectus muscles, through the 
conjunctiva and tenon's capsule, 8 mm posterior to the lim- 
bus. When sclera is visualised, the curved portion of the can- 
nula is inserted, keeping the cannula tip in constant direct 
apposition to the scleral surface. Once the cannula is fully 
inserted without resistance, pressure is applied along the sides 
and top of the cannula with a pair of sterile cotton swabs to 
prevent any reflux, and 0.5 ml of the medication is injected 
slowly. The cannula is withdrawn while maintaining gentle 
pressure using the cotton swabs. Following this procedure, the 
lid speculum is removed, topical antibiotic is applied, and the 
eye is patched lightly. 

2.6 Safety of periocular injections [le-is] 

As periocular routes are most widely used for ocular anaesthe- 
sia, safety information is readily available for the administra- 
tion of anaesthetics by these routes. Because of the proximity 
of the injection site to the nerves and muscles that need para- 
lysing prior to surgery, retrobulbar injections are the most 
efficient among periocular routes in anaesthetising the globe. 
However, these injections are associated with the highest 
number of complications. The complications include retrob- 
ulbar haemorrhage, globe perforation and respiratory arrest as 
a result of brainstem anaesthesia, with their incidence being 
1.7, 0.75 and 0.3%, respectively. Peribulbar anaesthesia is 
safer, with a 0.0008% incidence of globe perforations and no 
occurrence of retrobulbar haemorrhage or respiratory arrest. 
Compared with retrobulbar and peribulbar injections, which 
use sharp needles, the sub-tenon approach employing a can- 
nula is emerging as a safer alternative. For this reason, the 
Royal Colleges of Ophthalmologists and Anaesthetists have 
endorsed sub-tenon block as a procedure in which an anaes- 
thetist need not be present, if a sharp-needle block is not 
being employed. Swelling of conjunctiva or chemosis and 
subconjunctival haemorrhage are complications associated 
with sub-tenon injections, with an incidence rate of 39.4 and 
32 - 56%, respectively. 

The risks associated with retrobulbar and peribulbar injec- 
tions can be further minimised through the latest technological 
advances such as real-time tomography reflection of sono- 
graphic images [24]. In sonography, the operator must look away 
from the patient in order to see the sonographic screen and, 
therefore, must rely on a displaced sense of hand-eye 
coordination. This problem can be overcome by exploring 
methods for viewing the sonographic image, patient, instru- 
ment, and operator's hand in one environment. It has been 
observed that with the use of Sonic Flashlight, the globe, 
optic nerve and retrobulbar space can be visualised at their 
expected visual locations relative to the external anatomy. 
Chang et al. |241 reported that on insertion of the needle, the 



needle can be clearly seen passing the region inferior to the 
globe and into the retrobulbar space, while easily avoiding 
surrounding structures. With the same technique, the needle 
puncturing the globe is also clearly visualised. Sonography 
can potentially be employed to avoid the risks associated 
with other periocular injections. Unlike eye drops, the dis- 
seminated use of periocular routes for drug delivery may be 
limited by access to well-equipped medical care facilities, 
especially in the developing world. 

3. Pharmacokinetics of perioculariy 
administered drugs 

An understanding of drug absorption, distribution and elimi- 
nation (pharmacokinetics) is indispensable in identifying a 
therapeutic regimen and designing a delivery system (251. 
However, there are very few ocular pharmacokinetic smdies 
conducted in humans, because there is no safe way of contin- 
uously sampling intraocular tissues or fluids without causing 
pain or injury. Therefore, drug development for the eye relies 
heavily on preclinical pharmacokinetic studies. The usefulness 
of animal models in predicting human ocular pharmacokinet- 
ics can be improved by taking into account the anatomical 
and physiological dissimilarities between the eyes of various 
species. Ocular preclinical pharmacokinetic studies have been 
helpful in [25|: determining the best route of administration 
for entry into the eye, as well as accumulation at the site of 
action; validating the minimum effective concentrations in 
various tissues from different routes of administration; deter- 
mining the elimination half-life, which can serve as a guide to 
the selection of dosing regimens for further study; and 
estimating the safety of various drugs by determining their 
accumulation in the relevant tissues. 

In order to obtain valid results with drug delivery and phar- 
macokinetic studies, the investigators should establish vali- 
dated assays and tissue isolation procedures. Ideally, the tissue 
isolation procedures should ensure lack of cross-contamina- 
tion between various tissue layers, and eliminate drug diffu- 
sion between tissues post-isolation and prior to analysis. For 
determining drug levels in the retina, isolated neural retina is 
desired, as opposed to retina-choroid preparations. 

3.1 Drug delivery to the posterior segment from 
eye drops 

Interest is growing in determining whether a drug adminis- 
tered as an eye drop reaches the posterior segment of the eye 
to any significant levels. Although the literature is supportive 
of drug delivery to the posterior segment of the eye from top- 
ical drops, the concentrations achieved are a minute fraction 
of the concentration in the dosing solution [26]. However, if 
the drug is highly potent and there is appreciable drug accu- 
mulation in the target tissue, pharmacological effects may be 
seen in the posterior segment of the eye that can be attributed 
to the eye drops. A study in pigmented rabbits concluded that 
topical instillation of a 0.03% solution of iganidipine, a Ca^* 
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antagonist, delivers drug to the ipsilateral posterior retina or 
retrobulbar periocular space by local penetration at concentra- 
tions sufficient to act as a Ca^* antagonist [27]. It was observed 
that 20-day instillation of iganidipine 0.03% b.i.d., but not of 
betaxolol (0.5%), significantly suppressed constriction of the 
retinal arteries in the ipsilateral eye induced by intravenous 
injection of endothelin-1. Intravenous injection of iga- 
nidipine at a dose of 30 [ig/kg significantly suppressed intra- 
venous endothelin-1 -induced constriction of the retinal artery 
to a similar degree as 20-day instillation of iganidipine 0.03% 
b.i.d. After a single Instillation of 0.09% iganidipine, the 
equivalent concentration of iganidipine in the ipsilateral ret- 
robulbar periocular space estimated from autoradiography 
was ~ 3.9 X 10 between 15 min and 1 h after instillation, 
consistently higher than the levels in the untreated 
contralateral eyes by - 3 x lO'^M. 

Nepafenac, a non-steroidal anti-inflammatory agent, has 
been shown to prevent the mitogen- induced pan-retinal 
oedema following topical ocular application in rabbits [28], 
Topical application of 0.5% nepafenac produced 65% reduc- 
tion in retinal oedema, which correlated with 62% inhibition 
of blood-retinal barrier breai^down. Topical nepafenac also 
inhibited ocular neovascularisation in three murine 
models |29). Mice treated with 0.1 or 0.5% nepafenac exhib- 
ited significantly less choroid neovascularisation and signifi- 
cantly less ischaemia-induced retinal neovascularisation 
compared with vehicle-treated mice. 

A recent study indicated that insulin accumulates in the 
retina and optic nerve following topical application (30). 

The above findings indicating the delivery of iganidipine, 
nepafenac and insulin are consistent with the non-corneal or 
conjunctival route of drug delivery reported by Ahmed and 
Patton [311. Thus, it is not surprising that drugs administered 
next to the sclera can enter the intraocular tissues. 

3.2 Rationale for the use of periocular routes for 
retinal drug delivery 

Even though only a small fraction of the concentration of 
topically administered eye drops (estimated by Maurice at 
1/1500 for lipophilic metipranolol and 1/150,000 for 
hydrophilic fluorescein) reaches the aqueous humor |32|, sev- 
eral hydrophilic and lipophilic drugs are administered rou- 
tinely as drops for treating glaucoma. Some of these topical 
drops are claimed to have effects in the posterior segment. It 
is fair in the authors' opinion to assume that some potent 
drugs will be useful in delivering therapeutic drug levels to 
the posterior segment of the eye when they are administered 
periocularly. Periocular routes, as discussed below, generally 
deliver greater drug levels to the posterior segment of the eye 
compared with the topical or systemic modes of administra- 
tion. A large dilution of the dosing solution at target site [26) 
does not mean that the fraction delivered to the posterior 
segment of the eye is of a similar magnitude, because various 
distribution parameters lead to spontaneous dilution of the 
drug in different tissues. This is analogous to administrations 



of low-molecular-weight drugs by the intramuscular route, 
wherein the peak plasma concentrations attained would be a 
very small fraction of the concentration of the drug in the 
dosage form, but the fraction absorbed could be nearly com- 
plete. The fraction of the dose absorbed into the posterior 
segment of the eye from the periocular routes is expected to 
be higher than is feasible with topical administration and 
generally even foUowdng systemic modes of administration. 
However, the actual fraction absorbed following periocular 
administration will be low due to drug loss into the blood, as 
suggested by Lee and Robinson [33.341. 

Even low bioavailability of a drug should not deter a drug 
from development, especially if it is potent and has a good 
safety profile at doses required for exerting the therapeutic 
effect. Lessons can be learned from drugs administered by 
other routes. One such example is naferelin, a peptide drug 
with activity on the pituitary gonadal axis, which allows its 
use in the treatment of precocious puberty and endometriosis. 
This peptide is available as a nasal spray at a concentration of 
2 mg/ml for the treatment of endometriosis and precocious 
puberty. The average peak concentration was 0.6 ng/ml in the 
serum following a single nasal spray of 100 ]ll naferelin solu- 
tion in adult women, and this was 2.2 ng/ml in children with 
precocious puberty following the administration of two nasal 
sprays [351. Thus, there is at least 1,000,000 times dilution of 
the dosing solution in serum, and this dilution would be even 
greater at the target tissues. The estimated serum bioavailabil- 
ity of this drug from the nasal cavity is 2.8% in healthy female 
volunteers [361. This is only one example among several com- 
mercially available drugs, in which not the target:dosage form 
drug concentration ratio, but the effect, becomes the driving 
force for drug product development. In other words, potent 
yet safe drug molecules will find multiple applications by the 
periocular routes. 

3.3 Pioneering work in periocular pharmacokinetics 

Several investigators have assessed the pharmacokinetics of 
periocularly administered drugs. Key contributors to this area 
included M Barza, J Robinson and D Maurice, among others. 
The following summarises some key findings in this area. 

Barza, through meticulously designed studies, determined the 
pharmacokinetics of drugs, primarily antibiotics intended for 
treating intraocular infections, with the target for delivery being 
the vitreous |13]. He demonstrated that drugs can enter the vitre- 
ous following suh)conjunctival, sub-tenon and retrobulbar 
administrations. He also suggested that the drug entry is more 
localised within the eye to the region of administration with sub- 
conjunctival administration and more uniformly distributed to 
the Intraocular tissues with retrobulbar administrations. His 
investigations, along with those of Maurice early on indicated 
that the injection of the drug subconjunctivally in the superior 
quadrant of the eye results in greater drug levels in the anterior 
segment of the eye compared with an injection in the inferior 
quadrant [37,38]. However, these two modes of administration 
did not result in any significant differences in the vitreous drug 



fxpert Opin. Drug Deliv. (2004) 1(1) 



103 



Periocular routes for retinal drug delivery 



Table 3. Delivery of dexamethasone to the subretinal fluid following administration by various routes. 

Subconjunctival Peribulbar Oral Reference 

Cmax (ng/ml) 359 (80.2) 82.2 (17,6)* 12.3 (1.61)» m 

T^3,(h) 2.45(0.166) 3.01(0.134)* 5.06(0.433)* 

Dose{mg)» 2.5 5 7.5 

Number of patients 49 50 49 

•Dose is expressed as the weight of dexamethasone disodium phosphate administered. 'The values in the parenthesis represent standard error 



levels. These findings can be explained on the basis that when 
the drug is injected in the superior quadrant, it direcdy drains 
into the tear film over the cornea, exposing greater concentra- 
tions of the drug to the cornea compared with an injection made 
in the inferior quadrant. The similar quantities in the vitreous 
may be because the pathways followed to the vitreous (penetra- 
tion across sclera and systemic pathway) are similar for both 
modes of administration. Investigations of Wine et at. [39] and 
Maurice and Ota (37| demonstrated that the backward drainage 
of solution along the needle track, as well as the diffusion across 
the conjunctiva into the tear film, contribute to high drug levels 
attained in the anterior segment of the eye following subcon- 
junctival injection. The contribution of high drug levels to the 
anterior segment following subconjunctival injection are une- 
quivocal, and Injections are recommended in several clinical sit- 
uations [40], However, if the same therapeutic goals can be 
accomplished with eye drops, the drops are preferred. 

To understand the relative contribution of the drug enter- 
ing the anterior chamber to the vitreous level after subcon- 
junctival injection, Lee and Robinson [6] carried out a study in 
New Zealand albino rabbits. '^C-mannitol was injected sub- 
conjunctivally, and "C-mannitol and '^C-inulin were 
injected intracamerally. The aqueous and vitreous levels were 
determined at selected time points. The authors found that 
movement of the drug from the aqueous chamber backwards 
to the vitreous after subconjunctival injection contributes 
minimally to drug levels in the vitreous. Although a minute 
quantity of the drug can enter the vitreous via this pathway, 
this pathway can be practically neglected as a potential path- 
way for drug delivery to the posterior segment of the eye after 
subconjunctival injection. Although fraction absorbed has 
been estimated to be low for subconjunctivally administered 
drugs (331, systematic studies need to be performed to quantify 
the fraction of the dose absorbed into the tissues of the poste- 
rior segment. Whereas such an assessment would be straight- 
forward in the vitreous, similar measures in the retina would 
be more difficult. 

Based on the work of Barza, which demonstrated that sub- 
conjunctival injections result in less than the desired concen- 
trations of antibiotics in the vitreous, sufficient caution 
should be exercised in choosing the type of drug to be deliv- 
ered to the posterior segment via periocular routes, especially 
if the vitreous is the intended target. In the case of cepha- 
losporins, even though 3-13 mg/1 concentrations were 
attained in the vitreous following single subconjunctival 



injection in rabbits, they were deemed to be insufficient (13). It 
appears that more potent molecules should be chosen for this 
mode of administration. 

In summary, pharmacokinetic literature comparing the var- 
ious periocular routes for their effectiveness in delivering 
drugs to the tissues of the posterior segment is sparse. System- 
atic studies have been performed for antibiotics. Subconjunc- 
tivally administered drugs can leak back along the needle 
track or diffuse across conjunctiva to reach the tissues of the 
anterior segment. A small fraction of the dose administered 
periocularly reaches the tissues of the posterior segment 
including the vitreous. The levels achieved in the vitreous may 
not be effective for antibiotics such as cephalosporins assessed 
by Barza. Thus, more potent drugs should be chosen if vitreal 
drug delivery is intended. In addition, the drug loss to the 
blood circulation should be minimised by employing innova- 
tive approaches in order to enhance the fraction of the dose 
absorbed into the posterior segment. The various periocular 
routes are likely to result in different pharmoklnetic profiles 
for a given drug. Although Barza and group addressed this to 
an extent for antibiotics, it deserves renewed attention due to 
the availability of superior analytical techniques. 

3.4 Periocular routes deliver drug to the vitreous 
in humans 

From their study to determine the dexamethasone concentra- 
tion in aqueous, vitreous and serum of phakic patients after a 
subconjunctival injection of dexamethasone disodium phos- 
phate, Weijtens et al. Ml] concluded that subconjunctival 
injection is more effective compared with peribulbar and oral 
administrations for delivering dexamethasome into the poste- 
rior segment of the eye. These levels are higher than those 
obtained in the vitreous following topical instillation in 
humans 142). The authors also observed considerable systemic 
absorption following subconjunctival injection. The dose of 
dexamethasone injected subconjunctivally was 2.5 mg. The 
estimated maximum dexamethasone concentration was 
858 ng/ml at 2.5 h after injection in the aqueous, and 
72.5 ng/ml at 3 h in the vitreous. In serum, a mean maximum 
concentration of 32.4 ng/ml was measured at ~ 30 min 
after injection. 

A comparison of subretinal fluid concentration of 
dexamethasone attained following subconjunctival, peribul- 
bar and oral administration of dexamethasone disodium 
phosphate to patients with a rhegmatogenous retinal 
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Figure 2. Local delivery is responsible for higher ocular 
tissue availability of celecoxib following subconjunctival 
administration. Celecoxib suspension was administered SC to 
one eye at a dose of 3 mg/rat, and drug levels were estimated in 
the tissues from the dosed (ipsilateral) eye as well as the 
undosed (contralateral) eye. In addition, drug suspension was 
administered intraperitoneally at a dose of 3 mg and the drug 
levels were estimated in various ocular tissues. The area under 
the tissue concentration versus time plot (AUCo.J is expressed as 
mean ± s,d. for n = 4 for subconjunctival injection and n = 6 for 
intraperitoneal injection (44). 
AUG: Area under the curve; SC; SutKonjunctivally 



detachment revealed that subconjunctival injection is more 
effective in delivering dexamethasone disodium phosphate 
into the subretinal fluid (Table 3) compared with peribulbar 
injection or oral administration (43). Corrected for dose, the 
maximum dexamethasone concentration after subconjuncti- 
val injection and peribulbar injection were, respectively, 120 
and 1 3 times greater than oral administration. 

Thus, periocular administration delivers more dexametha- 
sone phosphate to the posterior segment compared with 
systemic or topical administration in humans. 

3.5 Local retinal delivery is predominant following 
periocular administration 

Substantially higher drug levels in the retina can be attained 
following subconjunctival administration as compared with 
the systemic route. A study towards this end in the authors' 
laboratory quantified the relative retinal bioavailability of 
celecoxib from the subconjunctival route compared with the 
intraperitoneal route in rats (Figure 2) |44|. For the subcon- 
junctivally dosed (ipsilateral) eye, the area under the curve 
(AUCg^) ratios between subconjunctival and intraperitoneal 
groups were 0.8 ± 0.1, 53.1 ± 3.5, 54.3 ± 8.4, 144.5 ± 21, 60.7 
± 15.6 and 51.6 ± 5.7, for plasma, sclera, retina, vitreous, lens 
and cornea, respectively. For the contralateral ocular tissues, 
the AUCo_ ratios were 1.2 ±0.2, 1.1 ±0.3, 1.1 ±0,4. 1 ± 0.3 
and 1.2 ± 0.3, in the sclera, retina, vitreous, lens and cornea, 
respectively, between the subconjunctival and the intraperito- 
neal groups. Thus, the drug delivery to the retina and other 
ocular tissues is superior to systemic mode of administration 



Figure 3. Subconjunctival route for retinal delivery of drugs 
in rats and rabbits. (A) Celecoxib levels in the vitreous and 
plasma of Sprague-Dawley rats following subconjunctival 
injection of a 50 pi suspension containing 3 mg drug. The data 
are expressed as mean ± s.d, for n = 4 144). (B) Prednisolone levels 
in various tissues after subconjunctival injection of a 50 pi solution 
containing prednisolone at 1 mg/kg dose in New Zealand white 
rabbits. The data are expressed as mean ± s.e.m. for n = 3 [45]. 



by > 50-fold for celecoxib. Assuming that the drug AUCs in 
contralateral eye were equal to the systemic pathwy contribu- 
tion to AUCs in the ipsilateral eye, the percentage contribution 
of local pathways as opposed to systemic circulation for 
celecoxib delivery to the ipsilateral eye tissues was estimated to 
be > 98%. Thus, the contribution of systemic recirculation 
pathway to the drug levels in the intraocular tissues following 
subconjunctival injection is negligible for celecoxib in rats. 
Figure 3A shows drug levels in the rat vitreous following sub- 
conjunctival administration of 3 mg of celecoxib as a suspen- 
sion in 0.5% carboxymethlycellulose [44]. The injection volume 
was 50 For comparative purposes, drug levels in the vitreous 
and serum for prednisolone administered subconjunctivally in a 
rabbit model are shown in Figure 3B [45]. It can be seen that the 
two models have provided similar information about the two 
drugs - that is, vitreal drug levels following the subconjunctival 
route of administration are contributed primarily by local deliv- 
ery or diffusion across local barriers as opposed to delivery via 
the systemic recirculation pathway. In both animal models, 
significant vitreous:plasma/serum AUC ratios were observed for 
the drugs in the ipsilateral eyes. 
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Table 4. Properties of human sclera. 



Surface area 

Computerised tracings 
Volume displacement 

Thickness 

At limbus 



Structural compositic 



Highest molecular weight known to 

permeate sclera 



Collagen fibres (up to 75% dry weight), water (68%), mucopolysacharrides 
(0.7 - 0.9% dry weight), proteogylcans, elastic fibres and fibroblasts 
70,000 



Thus, in the rat and rabbit models, perioculariy adminis- 
tered drug reaches the tissues of the posterior segment 
primarily via local delivery as opposed to systemic pathway. 

3.6 Periocular routes for macromolecule delivery 

Macromolecule delivery to the intraocular tissues can be 
achieved following periocular administration [46] . The serum 
concentration from a retrobulbar injection of IFN-ttz^ were 
reported to be < 1% of the choroidal concentration, and it 
was suggested that the retrobulbar route can be used to deliver 
IFN-(X2a for the treatment of choroidal neovascularisation. 
Ambati et al. demonstrated that the retinal delivery of a mac- 
romolecule (fluorescein isothiocyanate [FITC] -labelled IgG) 
can be sustained from the subconjunctival sp>ace in a rabbit 
model [47]. An osmotic pump was used to deliver IgG across 
the sclera of pigmented rabbits, and IgG levels were measured 
in various tissues over 28 days. They observed that the drug 
was localised more to the choroid proximal to the injection 
site compared with the distal choroid. Interestingly, the mac- 
romolecule persisted in the choroid and retina for a long 
period, as indicated by the elimination half-Life of the macro- 
molecule, which was of the order of days from choroid and 
the retina following the cessation of drug delivery. Maurice 
[48] demonstrated that the removal of macromolecules from 
the subretinal space is slow, with 80% of FITC-dextran 150S 
being detectable at the end of 3 days following subretinal 
injection in rabbits with experimental non-rhegmetogenous 
retinal detachments. Carboxyfluorescein, on the other hand, 
was not detectable in the subretinal space after 8 h. Although 
trace quantities of FITC-dextran 150S were detected in the 
vitreous of this model, significant quantities of FITC-dextran 
70S and carboxyfluorescein were detectable in the vitreous. 

Using the then available limited means, as early as 1978, 
Maurice has obtained evidence that whereas small ions can 
disappear from the subconjunctival space within a few min- 
utes, macromolecules are retained for prolonged periods [37). 
Following subconjunctival administration of immunoglobu- 
lin, another group observed peak levels of the protein in the 
cornea on day 6, suggesting prolonged retention of the 



molecule in the subconjunctival space [49]. If the conjunctiva 
is less permeable to macromolecules compared with sclera, it 
may benefit trans-scleral macromolecule delivery following 
periocular administration. 

Some macromolecules administered by the periocular route 
may not reach the neural retina due to the presence of the ret- 
inal pigment epithelium. Gelbach etal. (50) observed that peri- 
ocular administration of an adenoviral vector encoding 
pigment epithelium-derived factor (PEDF) resulted in high 
levels of PEDF in the retinal pigment epithelium (RPE) and 
choroid, but not in the retina. Periocular gene delivery sys- 
tems express protein in the periocular region, leading to pro- 
tein secretion followed by diffusion across sclera into the 
tissues of the posterior segment. 

Thus, macromolecules permeate the sclera and they exhibit 
prolonged residence in the subconjunctival and subretinal 
spaces. In addition, they are known to be cleared slowly from 
the vitreous [32]. The RPE layer is rate-limiting in the delivery 
of macromolecules to the neural retina. Thus, retinal delivery of 
macromolecules poses unique challenges and opportunities. 

4. Mechanisms of trans-scleral drug delivery 

Trans-scleral delivery is less invasive to the eye compared with 
intravitreal injection, and it provides local delivery of hlgh- 
molecular-weight compounds to the posterior segment. 
Human sclera is hypocellular and has a large surface area, both 
of which facilitate diffusion (Table 4) |51,52]. The primary route 
for solute transport through the sclera is by passive diffusion 
through an aqueous pathway. Figure 4 [53 57] summarises the 
permeability coefficients for several solutes across human 
sclera. Henry Edelhauser contributed substantially in under- 
standing various aspects of trans-scleral drug delivery, 
including scleral permeability, scleral surface area, scleral 
thickness and the usefulness of depot systems in trans-scleral 
drug delivery [52]. 

Intraocular distribution of a 70 kDa tetramethylrhodamine- 
dextran (TMR-D) after subconjunctival injection was studied 
in mice [58] to determine the mechanisms of drug delivery. 
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Figure 4. Permeabilities of v 



IS solutes across human sclera [53-57]. 



TMR-D readily diffused trans-sclerally and dispersed through- 
out a large portion of the sclera, uvea and cornea. Shordy after 
the injection, homogenous fluorescence was observed in the 
sclera and choroid on the same meridian as that of the injec- 
tion site. This fluorescence gradually decreased in intensity 
with distance from the injection site. The Intensity of scleral 
and choroidal fluorescence adjacent to the optic nerve reached 
a maximum at 1 h and then decreased slowly, with half-lifes of 
~ 16 and 100 h, respectively. Visible fluorescence was main- 
tained for at least 72 h in the sclera, choroid, iris and cornea. 
Based on this, it was concluded that macromoiecular 70 kDa 
dextran can be delivered to the mouse retina and uveal tissues 
foUowing subconjunctival injection through trans-scleral diffu- 
sion, local hematogenous spread, and possibly movement 
through the uveo-scleral outflow pathway. 

The various major pathways that a drug can traverse 
foUowing periocular administrations are summarised in 
Figure 5. There are several barriers that the drug can encounter 
after diffusing across the sclera. After crossing the sclera, the 
tissues encountered by the drug include choroid, retinal pig- 
ment epithelium, outer limiting membrane, neural retina, 
inner limiting membrane, and the vitreous in that order. 
Depending on the target site, the drug has to cross one or 
more of the intermittent layers. Several of these can pose sig- 
nificant barriers for retinal drug delivery, with choroidal blood 
flow and retinal pigment epithelial barriers being the most sig- 
nificant. The vascular supply in the choroid is likely to clear 
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Figure 5. Pathways for intraocular and systemic delivery of 
drugs following periocular administration. 

ILM: Inner limiting membrane; OtM: Outer limiting m 
RPE: Retinal pigment epitiielium. 



the drug rapidly. Early on, the investigations of Maurice indi- 
cated that application of local pressure to the subconjunctival 
site of drug administration can elevate the drug delivery to the 
posterior segment, by reducing local choroidal blood flow (59]. 
With the application of pressure at the site of subconjunctival 
administration in rabbits at 10 min post-injection for 25 min. 
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Figure 6. Budesonide nano- and microparticles sustained ocular tissue levels of budesonide after subconjurKtival 
administration In rats. Budesonide was administered in the eyes of rats, either in the form of a solution {50 or 75 \jg to one eye: white 
and light grey circles, respectively), nanoparticles (50 [sg to one eye; dark grey circles), or microparticles (75 [ig to one eye; black circles), 
and drug levels were estimated in (A) retina, (B) vitreous, (C) cornea and (D) lens. Data are expressed as the mean ± s.d. of results in four 
experiments. Data are shown for the ipsilateral eye. Drug levels were below detection limits in the contralateral eye. Budesonide levels 
were below detection limits on day 14 In the solution and nanoparticle groups. Reproduced with permission from KOMPELLA UB, 
BANDI N, AYALASOMAYAJULA SP: Subconjunctival nano- and microparticles sustain retinal delivery of budesonide, a corticosteroid 
capable of inhibiting VEGF expression. Invest. Ophthalmol. Vis, Sci. (2003) 44(3):1 192-1 201, Copyright ® Association for Research in 
Vision and Ophthalmology (621. 



the peak vitreal concentrations of fluorescein and carboxyflu- 
orescein were elevated by 19- and 4-fold, respectively. Thus, a 
reduction in choroidal blood flow can substantially enhance 
the drug delivery to the posterior segment. In addition, the 
clearance of fluorescein, but not carboxyfluorescein, was 
reduced by threefold following application of pressure at the 
subconjunctival site. The retinal pigment epithelium, the 
outer blood-retinal barrier, is another significant barrier that a 
drug has to surpass following periocular administration prior 
to entering the neural retina. The RPE layer has tight intercel- 
lular junctions that restrict the movement of solutes, espe- 
cially macromolecules. The entry of FITC-dextrans 70 and 
150S from the subretinal space into the vitreous was signifi- 
cantly elevated following disruption of the RPE layer with 
intravenous sodium lodate in an experimental rhegmetoge- 
nous retinal detachment rabbit model (48), consistent with the 



rate-limiting nature of RPE for solute permeability. If macro- 
molecules cross the RPE layer due to special transport mecha- 
nisms and/or high concentration gradients, their movement 
into the neural retina may be hindered by the inner limiting 
membrane [50] . If the drug target is in the choroid or the reti- 
nal pigment epithelium, those sites would be more readily 
accessible compared with the neural retina or the vitreous 
humor following periocular injections. If a drug is lipophilic, 
or if it binds to the pigment in the choroid or retinal pigment 
epithelium, only a fraction of the drug present in the tissue 
will be entering the vitreous humor. Entry of macromolecules 
into the vitreous from the neural retina is also restricted by the 
outer limiting membrane. Due to the presence of these multi- 
ple tissue layers, it is not surprising that drugs were detected 
in low concentrations in the vitreous following periocular 
administrations. 
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In addition to the aforementioned delivery of the drug to 
the tissues of the posterior segment, drug could permeate the 
conjunctiva, especially following subconjunctival administra- 
tion, and enter the tear film and tissues of the anterior seg- 
ment (Figure 5). At various locations, including the site of 
administration, episclera, conjunctiva, choroid and retina, 
drug could be lost to the blood circulation. Minimisation of 
these losses would better retain the drug in the tissues of the 
posterior segment. 

Thus, human sclera is highly permeable, which allows the 
delivery of even macromolecules to the intraocular tissues. The 
underlying choroid circulation and retinal pigment epithe- 
lium, which are likely to be the major rate-limiting steps in the 
drug delivery to the neural retina and vitreous, deserve further 
investigations with respect to their role in trans-scleral drug 
delivery. In addition, as drug loss to the circulation at the site 
of administration limits the drug absorption into the intra- 
ocular tissues, the mechanisms of drug loss at each periocular 
site and approaches to overcome these need to be investigated. 

5. Sustained release systems for 
periocular delivery 



Prolonging the retention of the drug in the periocular regions 
can provide sustained drug levels and enhanced drug absorp- 
tion into the intraocular tissues. Sasaki et al. (60) demonstrated 
that periocular injections containing 3% carboxymethylcellu- 
lose (CMC) as a viscous vehicle decreased the absorption rate 
constant of tilisolol, a model P-blocker, from the injection site 
to the systemic circulation compared with the buffer 
solution 16l|. Compared with the results after periocular injec- 
tions with buffer solution, CMC increased the AUCs in the 
vitreous body 3.1 -fold with retrobulbar injection and 1.4-fold 
with palpebral conjunctival injection, respectively. Thus, it is 
likely that various adjuvants in the formulations administered 
periocularly can influence drug delivery. 

Chronic ocular disorders can most efficiently be managed 
by maintaining the drug concentrations within the therapeu- 
tic window at the target site in the eye and reducing the fre- 
quency of administrations. To address this aspect of ocular 
drug delivery, a large number of sustained and controlled 
release drug delivery systems, namely implants, gels, micro- 
particles and nanoparticles, are being investigated. Implants 
can release drug either in one direction (towards sclera) or 
from all sides. Implants can be placed either episclerally or 
intrasclerally after thinning the sclera. Gels can be based on 
several polymeric materials including biopolymers such as 
fibrin. Similar to the intravitreal route, a long-term trans- 
scleral delivery device may be clinically feasible because the 
human eye is tolerant of some materials overlying the sclera, 
such as scleral buckles used in treating retinal detachment, 
even for years. 

Subconjunctival injection of drug-loaded microparticles 
and nanoparticles can also be employed for sustained retinal 
drug delivery 162). The authors have previously shown that 



subconjunctivally administered budesonide-polylactide 
(budesonide-PLA) nano- and microparticles sustain retinal 
drug delivery. Ocular tissue levels of budesonide were com- 
pared after a single subconjunctival injection of either 
budesonide solution (containing 50 or 75 pg of budeso- 
nide), budesonide-PLA nanoparticles (containing 50 pg of 
budesonide) or budesonide-PLA microparticles (containing 
75 pg of budesonide), and drug levels were estimated up to 
14 days (Figure 6) [62]. With budesonide-PLA nanoparticles, 
the retinal levels of budesonide were 2- and 9-times higher 
than the budesonide solution-treated groups at the end of 
3 and 7 days, respectively. The nanoparticles group had a 
5.5-times higher vitreous budesonide concentration com- 
pared with the budesonide solution-treated group at the end 
of day 7. At the end of days 3 and 7, the corneal levels of 
budesonide with the nanoparticle formulation were 4- and 
27-times higher than that of the budesonide solution-treated 
group. On comparison of subconjunctival injection of 
budesonide-PLA microparticles (75 pg budesonide dose) to 
subconjunctival injection of budesonide solution (75 |Jg 
budesonide dose), it was found that on day 1, drug levels in 
the solution group were 3.5-, 5.5-, 3- and 2-times higher in 
the retina, vitreous, cornea and lens, respectively, when com- 
pared with microparticle group (p < 0.05 for all tissues). On 
day 7, drug levels in the microparticle group were 37-, 5-, 
4.2- and 3.4-times higher in the retina, vitreous, cornea and 
lens, respectively, compared with the solution group. Simi- 
larly on day 14, drug levels in the microparticle group were 
higher compared with the solution group, wherein the drug 
levels were 3.5 ± 1.14, 0.8 ± 0.21, 1.9 ± 0.3 and 1.2 ± 
0.25 ng/mg tissue weight in retina, vitreous, cornea and 
lens, respectively [62]. Microparticles better sustained drug 
delivery compared with the nanoparticles. 

For sustained retinal drug delivery, it is hypothesised that 
those particles that are retained in the periocular space would 
be more appropriate. This is because if the particles are not 
cleared, they can release the drug over a prolonged period for 
subsequent delivery to the tissues of the posterior segment. 
The periocular retention of particles depends on their size. 
Microparticles (2 |im) are almost completely retained in the 
periocular space even at 2 months post-administration, 
whereas nanoparticles (20 nm) completely disappear from the 
periocular space |63j. Neither microparticles nor nanoparticles 
of the above dimensions enter the intraocular tissues to a sig- 
nificant extent from the periocular space. Future studies 
should elucidate the mechanisms of clearance of particulate 
systems from the periocular space. 

Saishin et al. |64| investigated the sustained local delivery of 
PKC412, a kinase inhibitor, following periocular injection of 
poly(lactide-co-glycolide) microspheres containing 25 or 50% 
PKC412 in a porcine model. The levels of PKC412 attained 
after 20 days following periocular injection of 25% 
microspheres were 1.2 ng/ml vitreous, 0.5 ng/retina, and 
2 ng/choroid, respectively, whereas those with 50% 
microspheres were 35 ng/ml vitreous, 19 ng/retina and 
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155 ng/choroid, respectively. In plasma, the levels of PKC412 
20 days post-injection were undetectable. 

Feasibility of drug delivery to the posterior segment of the 
rabbit eye with an episcleral implant capable of delivering 
the drug in one direction towards the sclera was evaluated 
for betamethasone |65|. Such a system minimises the drug 
loss to the conjunctival circulation. The implant showed a 
zero-order release profile both in vitro and in vivo for 
4 weeks. Betamethasone concentrations in the retina 
choroid after implantation were maintained above concen- 
trations effective for suppressing inflammatory reactions for 
at least 4 weeks. The drug concentration was greater in the 
posterior half of retina-choroid than in the vitreous. In the 
vitreous, the maximum concentration was 13 ng/g at 
2 weeks after implantation. 

In brief, several sustained-release drug delivery systems 
including gels, particulate systems and implants have been 
shown to sustain the drug delivery to the retina following 
periocular administration. As repeated periocular administra- 
tions would be inconvenient, drug delivery systems capable 
of sustaining drug delivery for a few months to years are 
desirable. 

6. Pharmacodynamics 

Posterior sub-tenon's steroid injections (PSTSIs) are a standard 
drug delivery method used for the treatment of chronic uveitis 
of the posterior segment [66). A retrospective study done in a 
uveitis clinic to analyse the indications, efficacy and complica- 
tions of PSTSIs in the treatment of chronic uveitis concluded 
that PSTSIs are very effective in restoring visual acuity in 
chronic uveitis of the posterior segment, without systemic 
complications, but at the expense of intraocular hypertension. 
An intravenous cannula made of polytetrafluoroethylene has 
been used to inject corticosteroids safely into the posterior 
sub-tenon space [67). 

Studies have shown that posterior sub-tenon's injection of 
corticosteroids significantly decreases cystoid macular 
oedema (68). The first study reported in the UK to investi- 
gate the efficacy and safety of posterior sub-tenon triamci- 
nolone acetonide injection demonstrated that these 
injections significantly decrease cystoid macular oedema 
with a corresponding increase in visual acuity in patients 
with uveitis. Systemic immunosuppresion may be reduced 
or discontinued with the avoidance of associated systemic 
side effects, and the technique has a high level of patient 
acceptability. A retrospective study performed to compare 
the effectiveness of retrobulbar and posterior sub-tenon's 
injection of corticosteroids for the treatment of post-cataract 
cystoid macular oedema that was refractory to topical medi- 
cations found that both treatment methods resulted in sig- 
nificant improvement in visual acuity. There was no 
significant difference between the improvement in cystoid 
macular oedema achieved after retrobulbar or posterior 
sub-tenon's corticosteroid injections [69). 



In a masked, randomised, placebo-controlled study, ane- 
cortave acetate depot suspension administered posterior Jux- 
tasclerally was assessed for its benefits in patients with 
subfoveal choroid neovascularisation (CNV) [23]. It was 
observed that at month 1 2, a 15 mg dose of the drug adminis- 
tered at 6-month intervals was superior to the placebo In 
maintaining vision, preventing severe vision loss and 
inhibiting subfoval CNV lesion growth. 

Ambati et al. demonstrated that an osmotic pump contain- 
ing mouse antihuman intercellular adhesion molecule 
(ICAM)-l mAb exerts pharmacological effects in the retina 
and choroid following subconjunctival administration [47]. 
VEGF-induced leucostasis in the retina and choroid, as meas- 
ured by myeloperoxidase activity, was inhibited by the delivery 
of anti-ICAM-1 mAb. Myeloperoxidase activity in the choroid 
of the eye treated with anti-ICAM-1 mAb (2 mg/ml delivered 
at 8 pl/h) was 80% less than in the eye receiving an equal rate 
of delivery of an isotype control antibody (n = 5). Inhibition of 
myeloperoxidase activity in the retina was 70% (n = 5). 

Ayalasomayajula and Kompella demonstrated that 
celecoxib-containing poly{lactide-co-glycolide) microparti- 
cles sustain the retinal delivery of celecoxib and inhibit oxida- 
tive stress in a diabetic rat model 170). Saishin et al. [64] 
demonstrated the effectiveness of periocularly injected 
poly(lactide-co-glycolide) microspheres containing 25 or 50% 
PKC412 in a porcine model. The areas of choroid neovascu- 
larisation at Bruch's membrane rupture sites were significantly 
smaller in eyes that received a periocular injection of micro- 
spheres containing 25 or 50% PKC412 than those in eyes 
injected with control microspheres. These data suggested that 
trans-scleral sustained delivery of agents is a viable approach 
for treatment of choroidal diseases. 

Periocularly-injected adenoviral vector encoding VEGF 
receptor- 1, sFlt-1 (ADsFlt-1.10), has been shown to be effec- 
tive in a mouse model for choroid neovascularisation [50]. Peri- 
ocular Injection of ADsFlt-1.10 markedly suppressed 
choroidal neovascularisation at rupture sites in Bruch's mem- 
brane and also caused significant reduction in VEGF-induced 
breakdown of the blood-retinal barrier, but failed to signifi- 
cantly inhibit ischaemia-induced retinal neovascularisation. 
The lack of effect on retinal neovascularisation is possibly 
because the secreted protein did not cross the retinal pigment 
epithelium to reach the neural retina. 

Thus, there is growing evidence indicating the effectiveness 
of periocularly-administered drugs in alleviating uveitis, cyst- 
oid macular oedema, choroid neovascularisation and diabetic 
retinal changes. 

7. Future challenges 

As the work of Lee and Robinson [6,33,34] has indicated, the 
fraction of drug absorbed can be reduced by the rapid loss of 
the dmg from the periocular sites into the systemic circulation, 
prior to drug entry into the intraocular tissues via the sclera. To 
overcome this, systems that deliver the drug unidirectionally 
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towards the sclera while eliminating the drug entry into the sys- 
temic circulation would be beneficial. Kim etal. [71], using a 
non-invasive magnetic resonance imaging study, reported 
that from an episcleral implant, 30-fold greater vitreous sol- 
ute levels can be achieved at the end of 4 h in a rabbit used 
post-mortem compared with a live rabbit. This finding sug- 
gests that the blood circulation in various layers of the eye 
limits trans-scleral drug delivery in vivo. In future, 
approaches need to be developed to overcome this limita- 
tion. Alternatively, a breach in the retinal pigment epithelial 
barrier during the course of the study following euthanasia 
can explain these results. The retinal pigment epithelial bar- 
rier is likely to be more formidable in vivo than any cur- 
rently available cell culture models indicate. To further 
improve the penetration of the drug into intraocular tissues, 
various absorption enhancement approaches can be assessed 
for their safety and efficacy [72|. Because the periocular injec- 
tions should be made in a way that does not perforate the 
globe, development of better administration devices would 
be helpful. As several ophthalmic industries have expertise in 
drug and device development, this may come naturally to 
these organisations. Traditionally, periocularly-administered 
drugs are mainly off-label uses of drug products developed 
for other routes of administration. As there are several 
chronic disorders that afflict the posterior segment of the 
eye, pharmaceutical industries should devote more resources 
to developing products primarily intended for 
administration by these routes. 

8. Conclusions 



Periocular routes of administration include subconjunctival, 
sub-tenon, peribulbar, retrobulbar and posterior juxtascleral 
modes. Drugs administered by these routes can be transported 
across sclera to the tissues of the posterior segment. The 
choice of these routes depends on the intended purpose and 
target tissues. There is limited pharmacokinetic and 
pharmacodynamic data with these routes. Current literature 
indicates that the drug delivery to the posterior segment is 
generally superior by this route compared with topical and 
systemic routes. Potent drug molecules can potentially be 
delivered by this approach for their effects in various tissues of 
the posterior segment. As repeated injections by these routes 



would be inconvenient and increase the risk potential, 
sustained release systems are being developed for treating 
various chronic disorders of the posterior segment. 

9. Expert opinion 



The retina is a relatively inaccessible tissue to the blood circu- 
lation, not unlike the brain tissue. Drugs intended for effects 
in the brain are routinely administered orally. Such is not the 
case for the retina, as drug discovery and development efforts 
typically do not focus on the design of orally administered 
drugs that are safe and effective in the retina. Instead, drugs 
developed for other systemic diseases are usually assessed for 
their retinal effectiveness. In the absence of eye-specific drug 
design, retinal delivery can be enhanced using multiple 
approaches including the periocular routes of administration. 
In general, periocular routes can deliver the drug better to the 
retina compared with the systemic or topical modes of admin- 
istration. The concerns associated with periocular routes 
include the fraction of drug absorbed and safety. Administra 
tion by skilled operator along with the use of technologies 
such as sonography can reduce the risks associated with the 
periocular modes of administration. Even with existing safety 
issues for periocular routes, these routes are potentially much 
safer than the intravitreal mode of administration, which is 
the current route of choice for providing high drug levels to 
the retina. Each route has its place in drug delivery and the 
choice of route should be based on the disease target (e.g., vit- 
reous versus choroid) and the nature of the disease (e.g., acute 
versus chronic). If acute therapy is desired, intravitreal injec- 
tions are viable. For chronic therapy, intravitreal implants or 
periocular sustained release sjwtems that maintain drug levels 
for months to several years would be suitable. Repeated 
administrations are likely to be more amenable and safe with 
periocular routes. 
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